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(57) ABSTRACT 

A motion vector detection device of the present invention 
includes: a parameter setting section having parameters 
relating to N (N is a natural number equal to or greater than 
2) search regions obtained by dividing at least a portion of 
an entire search region in a search frame; a motion vector 
detection section for calculating an evaluation value Which 
indicates a degree of correlation betWeen an encoded object 
block in an object frame and a candidate block in one of the 
N search regions and for calculating a motion vector based 
on the evaluation value; a result storage section for storing 
the motion vector and the evaluation value calculated by the 
motion vector detection section; and a control section for 
controlling the motion vector detection section to calculate 
motion vectors and evaluation values for M (1 éMéN) 
different ones of the N search regions until a predetermined 
condition is satis?ed, for receiving the motion vectors and 
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MOTION VECTOR DETECTION DEVICE 
AND MOTION VECTOR DETECTION 

METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a motion vector detection 
device used in a motion compensation/estimation encoding 
method, Which is a type of method used for compressing/ 
encoding digital motion picture data. 

2. Description of the Related Art 
A motion picture encoding method uses information 

(motion vector) Which indicates the movement of a portion 
of the current image from the previous image so as to reduce 
the redundancy in time and quantity of data. The block 
matching method is a method for extracting such a motion 
vector. 

FIG. 7 illustrates the principle of the block matching 
method. The image of an object frame 702 to be encoded is 
compared With the image of a search frame 701 so as to 
extract a block (best match block 706) from a search region 
704 in the search frame 701 that has an evaluation value 
indicating the highest degree of similarity to an encoded 
object block 703 (the term “encoded object block” as used 
herein refers to a block to be encoded, not a block Which has 
already been encoded) in the object frame 702, thereby 
detecting a motion vector 705 therebetWeen. The block 
matching method has been Widely used for motion 
compensation/estimation in image compression/encoding 
methods. 

FIG. 8 illustrates an enlarged version of the search frame 
701 shoWn in FIG. 7. In the block matching method, the 
degree of correlation is calculated betWeen the single 
encoded object block 703 and each of a plurality of candi 
date blocks 707 Within the search region 704 in the search 
frame 701 (the plurality of candidate blocks 707 are selected 
by scanning the search region 704 vertically or 
horizontally). Then, one of the candidate blocks 707 having 
the highest degree of correlation With respect to the encoded 
object block 703 is selected as the best match block 706, and 
the motion vector 705 is detected Which extends from the 
position of the block 703 to the best match block 706. 
Some conventional motion vector detection devices 

Which are based on the block matching method aim to 
reduce the amount of hardWare resource needed. 

Japanese Laid-Open Publication No. 6-141304, for 
example, discloses a technique in Which M><N calculation 
units are arranged in M roWs and N columns, each calcu 
lation unit including a pixel storage register, a multiplexer 
and a differential absolute value calculator. Where the ref 
erence block siZe is M><N pixels, a candidate vector having 
the highest degree of correlation With respect to the encoded 
object block is determined for each of M><N candidate 
blocks. HoWever, With this conventional technique, the 
degree of correlation can be calculated only for the M><N 
candidate blocks, and it is dif?cult to increase the number of 
candidate blocks by expanding the search region in order to 
select a candidate block Which may have a higher degree of 
correlation With respect to encoded object block. 

Japanese Laid-Open Publication No. 9-224249, for 
example, discloses a motion vector detection device 900 as 
illustrated in FIG. 9. The motion vector detection device 900 
includes tWo different motion vector detection circuits for 
detecting tWo vectors for a given encoded object block, i.e., 
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2 
a ?rst motion vector detection circuit 915 for performing a 
motion vector detection operation over a relatively large 
detection region but With a relatively coarse resolution and 
a second motion vector detection circuit 916 for performing 
a motion vector detection operation over a relatively small 
detection region but With a relatively ?ne resolution. The 
motion vector detection device 900 is arranged so that the 
relatively large detection region of the ?rst motion vector 
detection circuit 915 includes the relatively small detection 
region of the second motion vector detection circuit 916. 
Thus, a motion vector for a relatively fast movement is 
detected by the ?rst motion vector detection circuit 915 
having the relatively large detection region, Whereas a 
motion vector for a relatively sloW movement is detected by 
both of the tWo motion vector detection circuits (i.e., by the 
?rst motion vector detection circuit 915 having the relatively 
large detection region and by the second motion vector 
detection circuit 916 having the relatively small detection 
region). The values of correlation detected by the respective 
detectors- are compared With each other by a comparator 
917, thereby increasing the precision With Which a motion 
vector for a relatively sloW movement is detected. 

HoWever, this conventional technique requires the tWo 
different motion vector detection circuits 915 and 916, 
thereby increasing the siZe and complexity of the entire 
circuit. 
As described above, conventional motion vector detection 

devices had a limited search region. One conventional 
solution to this problem Was the motion vector detection 
device 900 illustrated in FIG. 9 Which includes tWo different 
motion vector detection circuits, one for a relatively ?ne 
resolution and another for a relatively coarse resolution, in 
order to expand the search region. 

HoWever, the motion vector detection device 900 requires 
the tWo different motion vector detection circuits 915 and 
916, thereby increasing the scale of the entire circuit. The 
increase in the circuit scale may present a potentially serious 
problem particularly for motion vector detection based on 
the block matching method, in Which the optimal position 
(the optimal motion vector) is detected by accumulating the 
difference betWeen each pixel in the encoded object block 
and the corresponding pixel in each of a plurality of candi 
date blocks over an entire search region. 

Moreover, it is expected that there Will be a demand for 
a technique for detecting a motion of an image over an even 
larger search region in order to meet the existing demand for 
a higher de?nition and a higher image quality along With the 
increase in the siZe of the display screen. 

SUMMARY OF THE INVENTION 

In order to solve the above-described problems, the 
present invention provides a motion vector detection device 
in Which a large search region is divided into a plurality of 
search regions and in Which a motion vector With respect to 
one encoded object block is detected a plurality of times for 
each of the plurality of search regions. More speci?cally, the 
present invention provides a motion vector detection device 
capable of precisely detecting a motion vector for high 
image quality applications Without substantially increasing 
the circuit scale, in Which a single motion vector detection 
section may include a section for setting a plurality of 
parameters for a plurality of search regions, respectively, 
and a section for storing a plurality of motion vector 
detection results respectively corresponding to the search 
regions. 

According to one aspect of this invention, there is pro 
vided a motion vector detection device, including: a param 
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eter setting section having parameters relating to N (N is a 
natural number equal to or greater than 2) search regions 
obtained by dividing at least a portion of an entire search 
region in a search frame; a motion vector detection section 
for calculating an evaluation value Which indicates a degree 
of correlation betWeen an encoded object block in an object 
frame and a candidate block in one of the N search regions 
and for calculating a motion vector based on the evaluation 
value; a result storage section for storing the motion vector 
and the evaluation value calculated by the motion vector 
detection section; and a control section for controlling the 
motion vector detection section to calculate motion vectors 
and evaluation values for M (1 éMéN) different ones of the 
N search regions until a predetermined condition is satis?ed, 
for receiving the motion vectors and the evaluation values 
from the result storage section, and for determining the 
motion vector for the encoded object block. Thus, it is 
possible to precisely detect a motion vector over a large 
search region despite a small circuit scale. 

In one embodiment of the invention, the control section 
inputs parameters relating to the N search regions to the 
parameter setting section. 

In one embodiment of the invention, M is equal to N. 

In one embodiment of the invention, the result storage 
section stores N motion vectors and N evaluation values and 
then outputs the evaluation values and the motion vectors to 
the control section. 

In one embodiment of the invention, the parameters 
relating to each search region include search position Which 
indicates a position of a search region. 

In one embodiment of the invention, the parameters 
relating to each search region include search siZe Which 
indicates a siZe of a search region. 

In one embodiment of the invention, the parameters 
relating to each search region include sub-sampling Which 
indicates a degree and a direction of decimation in the search 
region. 

In one embodiment of the invention, the parameters 
relating to each search region include a priority Which 
indicates a predetermined value to be added to or multiplied 
by the evaluation value. 

In one embodiment of the invention, a search region 
horiZontally shifted from a center of the entire search region 
has a priority higher than that of a search region vertically 
shifted from the center of the entire search region. 

In one embodiment of the invention, the parameters 
relating to each search region include order of search Which 
indicates an order in Which the calculation of the motion 
vector and the evaluation value is performed. 

In one embodiment of the invention, a search region 
horiZontally shifted from a center of the entire search region 
has an order of search higher than that of a search region 
vertically shifted from the center of the entire search region. 

In one embodiment of the invention, the parameters 
relating to each search region include at least tWo of search 
position, search siZe, sub-sampling, priority and order of 
search. 

In one embodiment of the invention, the predetermined 
condition is that the evaluation value being smaller than a 
predetermined value Which the control section has. 

In one embodiment of the invention, the predetermined 
condition is limited by a predetermined amount of time. 

In one embodiment of the invention, N is 2. 

In one embodiment of the invention, N is 3. 
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4 
In one embodiment of the invention, the at least a portion 

of the entire search region is divided only along the vertical 
direction. 

In one embodiment of the invention, the at least a portion 
of the entire search region is divided only along the hori 
Zontal direction. 

In one embodiment of the invention, the at least a portion 
of the entire search region is divided into elliptical search 
regions. 

In one embodiment of the invention, each of the elliptical 
search regions is longer in the horiZontal direction than in 
the vertical direction. 

In one embodiment of the invention, the at least a portion 
of the entire search region is divided into rectangular search 
regions. 

In one embodiment of the invention, the N search regions 
are such that no candidate block included in one of the N 
search regions has a complete overlap With another candi 
date block Which is included in another one of the N search 
regions. 

In one embodiment of the invention, at least tWo of the N 
search regions have different search siZes. 

In one embodiment of the invention, at least tWo of the N 
search regions have different siZes, and a search region 
having a larger siZe surrounds a search region having a 
smaller siZe. 

In one embodiment of the invention, one of the N search 
regions including a center of the entire search region has the 
smallest siZe. 

In one embodiment of the invention, one or more of the 
N search regions along a periphery of the entire search 
region has the largest siZe. 

In one embodiment of the invention, the at least a portion 
of the entire search region is rectangular, and one or more of 
the N search regions at corners of the at least a portion of the 
entire search region has the largest siZe. 

In one embodiment of the invention, at least tWo of the N 
search regions have different priorities. 

In one embodiment of the invention, one of the N search 
regions including a center of the entire search region has the 
loWest priority. 

In one embodiment of the invention, one or more of the 
N search regions along a periphery of the entire search 
region has the highest priority. 

In one embodiment of the invention, the at least a portion 
of the entire search region is rectangular, and one or more of 
the N search regions at corners of the at least a portion of the 
entire search region has the highest priority. 

In one embodiment of the invention, at least tWo of the N 
search regions have different sub-sampling parameters. 

In one embodiment of the invention, a search region 
vertically shifted from a center of the entire search region is 
sub-sampled in the vertical direction. 

In one embodiment of the invention, a search region 
horiZontally shifted from a center of the entire search region 
is sub-sampled in the horiZontal direction. 

In one embodiment of the invention, one or more of the 
N search regions along a periphery of the entire search 
region has the largest sub-sampling parameter. 

In one embodiment of the invention, the at least a portion 
of the entire search region is rectangular, and one or more of 
the N search regions at corners of the at least a portion of the 
entire search region has the largest sub-sampling parameter. 

According to another aspect of this invention, there is 
provided a motion vector detection method, including: an 
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input step of inputting parameters relating to N (N is a 
natural number equal to or greater than 2) search regions 
obtained by dividing at least a portion of an entire search 
region in a search frame to a motion vector detection section; 
a calculation step of calculating an evaluation value Which 
indicates a degree of correlation betWeen an encoded object 
block in an object frame and a candidate block in one of the 
N search regions based on the parameters of the one of the 
N search regions, and calculating a motion vector based on 
the evaluation value; and a determination step of determin 
ing Whether a predetermined condition is satis?ed based on 
the calculated evaluation values and motion vectors. 

In one embodiment of the invention, the motion vector 
detection method further includes the step of terminating the 
motion vector calculation When the predetermined condition 
is satis?ed. 

In one embodiment of the invention, the motion vector 
detection method further includes the step of repeating the 
input step and the calculation step When the predetermined 
condition is not satis?ed. 

Thus, the invention described herein makes possible the 
advantage of providing a motion vector detection device 
capable of detecting a motion vector With a high precision to 
realiZe a high image quality Without increasing the circuit 
scale. 

This and other advantages of the present invention Will 
become apparent to those skilled in the art upon reading and 
understanding the folloWing detailed description With refer 
ence to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic diagram illustrating a motion 
vector detection device of the present invention; 

FIG. 1B is a schematic diagram illustrating an alternative 
arrangement using a plurality of motion vector detection 
blocks; 

FIG. 2A is a How chart illustrating an operation of the 
present invention; 

FIG. 2B is a How chart illustrating another operation of 
the present invention; 

FIG. 3A illustrates an eXample of hoW an entire search 
region is divided into smaller search regions according to the 
present invention; 

FIG. 3B illustrates an alternative eXample of hoW an 
entire search region is divided into smaller search regions 
according to the present invention; 

FIG. 4 is a schematic diagram illustrating another motion 
vector detection device of the present invention; 

FIG. 5A illustrates an alternative eXample of hoW an 
entire search region is divided into smaller search regions 
according to the present invention; 

FIG. 5B illustrates an alternative eXample of hoW an 
entire search region is divided into smaller search regions 
along the horiZontal direction according to the present 
invention; 

FIG. 5C illustrates an alternative eXample of hoW an 
entire search region is divided into smaller search regions 
along the vertical direction according to the present inven 
tion; 

FIG. 5D illustrates an alternative eXample of hoW an 
entire search region is divided into smaller elliptical search 
regions according to the present invention; 

FIG. 5E illustrates an alternative eXample of hoW an entire 
search region is divided into smaller search regions accord 
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6 
ing to the present invention, in Which any smaller search 
region is included by a larger search region; 

FIG. 6 is a schematic diagram illustrating a motion vector 
detection circuit of the present invention and a general 
purpose computer; 

FIG. 7 illustrates a block matching method; 
FIG. 8 illustrates an enlarged version of a search frame; 

and 
FIG. 9 illustrates a conventional motion vector detection 

circuit. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Various embodiments of the present invention Will noW be 
described With reference to the accompanying draWings. 

Embodiment 1 

FIG. 1A illustrates a con?guration of a motion vector 
detection device 100 according to Embodiment 1 of the 
present invention. 

The motion vector detection device 100 includes a control 
section 10, a motion vector detection section 20, a parameter 
setting section 30 and a result storage section 40. The control 
section 10 inputs search region setting parameters to the 
parameter setting section 30 and activates the motion vector 
detection section 20. The respective setting parameters 
(search positions in the present embodiment) Which relate to 
N (N is a natural number equal to or greater than 2) search 
regions, respectively, Which are obtained by dividing an 
entire search region (Which may be a portion or the Whole of 
a search frame) are input from the control section 10 to the 
parameter setting section 30. The motion vector detection 
section 20 is activated by the control section 10 and receives 
an object frame and a search frame from the outside and a 
parameter Which relates to one search region from the 
parameter setting section 30. Then, the motion vector detec 
tion section 20 calculates a motion vector and an evaluation 
value for a single search region based on the received 
parameter, and outputs the motion vector and the evaluation 
value to the result storage section 40. The result storage 
section 40 stores the motion vector and the evaluation value 
calculated by the motion vector detection section 20. The 
control section 10 obtains the stored motion vector and the 
evaluation value from the result storage section 40, and a 
completion signal from the motion vector detection section 
20. The evaluation value indicates the degree of correlation 
betWeen the encoded object block in the object frame and a 
candidate block in a search region Within an entire search 
region. 

In the above description, for the purpose of illustration, 
the parameters relating to the N divided search regions are 
described to be input from the control section 10 to the 
parameter setting section 30. HoWever, the parameters relat 
ing to the N divided search regions may alternatively be 
pre-stored in the parameter setting section 30. The result 
storage section 40 may output N motion vectors to the 
control section 10 after they are stored in the result storage 
section 40. 
The operation of the motion vector detection device 100 

Will noW be described With reference to the How chart 
illustrated in FIG. 2A. 

Step 1: The control section 10 sets the N parameters 
relating to the search regions (i.e., N search positions) to the 
parameter setting section 30. 

Step 2: The control section 10 activates the motion vector 
detection section 20. 
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Step 3: The motion vector detection section 20 calculates 
a motion vector and an evaluation value for one search 
position, outputs the motion vector and the evaluation value 
to the result storage section 40, and completes the motion 
vector detection operation for the search position. 

Step 4: Steps 2 and 3 are repeated N times. 
Step 5: The control section 10 obtains the N sets of motion 

vectors and evaluation values from the result storage section 
40. 

Step 6: The control section 10 determines an optimal 
motion vector for the encoded object block based on the N 
sets of motion vectors and evaluation values. 

As a speci?c example, a search operation Where an entire 
search region 300 is divided into four (N=4) search regions 
(designated respectively as “Search 1”, “Search 2”, “Search 
3” and “Search 4” in FIG. 3A) Will noW be described With 
reference to FIG. 3A. In FIG. 3A, the entire search region 
300 is divided into “Search 1”, “Search 2”, “Search 3” and 
“Search 4” Which respectively correspond to the upper left, 
upper right, loWer left and loWer right regions of the entire 
search region 300. In the example shoWn in FIG. 3A, the 
search regions do not overlap With one another. A candidate 
block 302 of one search region does not have to be com 
pletely Within the search region, but a portion thereof may 
extend beyond the boundary thereof. HoWever, a portion of 
the candidate block 302 may not extend beyond the bound 
ary to such an extent that the candidate block 302 Would 
completely overlap With any other candidate block 302 
extending from any other search region. 

In the example shoWn in FIG. 3A, the entire search region 
300 is divided into smaller rectangular search regions. 

For example, Where a motion vector detection operation 
is to be performed for each of the search regions (i.e., in FIG. 
3A, the calculation and the storage of a motion vector and 
an evaluation value are to be performed four times), the 
motion vector detection device 100 is con?gured so that 
search positions for four search regions can be set in the 
parameter setting section 30 and four sets of motion vectors 
and evaluation values can be stored in the result storage 
section 40. The control section 10 Writes the position of each 
search region (e.g., a set of coordinates representing the 
upper left corner of the search region) in the parameter 
setting section 30. 

Speci?cally, four sets of coordinates respectively corre 
sponding to the four search regions (“Search 1”, “Search 2”, 
“Search 3” and “Search 4”) are set. Then, the control section 
10 activates the motion vector detection section 20. 

Upon the ?rst activation, the motion vector detection 
section 20 calculates a motion vector and an evaluation 
value for “Search 1” in FIG. 3A, stores the motion vector 
and the evaluation value in the result storage section 40 as 
a ?rst set of results, and returns a completion signal to the 
control section 10, thus completing the ?rst motion vector 
detection operation. 

Similarly, a motion vector and an evaluation value are 
calculated for “Search 2” and stored as a second set of 
results. This operation is similarly repeated for “Search 3” 
and “Search 4”. 

More speci?cally, each motion vector detection operation 
is performed as folloWs. First, the degree of correlation (i.e., 
the evaluation value) betWeen an encoded object block 301 
and the candidate block 302 in “Search 1” is obtained. Then, 
the candidate block 302 is shifted vertically or horiZontally 
Within “Search 1”, and an evaluation value is obtained in a 
similar manner. By repeating such an operation, the best 
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matching block Within “Search 1” is determined as a block 
Which exhibits the highest degree of correlation With respect 
to the encoded object block 301, based on Which a motion 
vector and an evaluation value are calculated for “Search 1”. 
By repeating such an operation for “Search 2” to “Search 4”, 
a motion vector and an evaluation value are calculated for 
each of the four search regions. 

After the motion vector detection section 20 have per 
formed the four motion vector detection operations respec 
tively for the four search regions, the control section 10 
obtains the calculation results stored in the result storage 
section 40. Then, the control section 10 selects one of the 
four motion vectors as the motion vector for the current 
encoded object block based on the evaluation values. Thus, 
a motion vector optimal for the encoded object block is 
determined. Since an evaluation value is typically calculated 
by accumulating the value of difference (or the square 
thereof) betWeen each pixel in the encoded object block and 
the corresponding pixel in the candidate block, the motion 
vector for Which the evaluation value is smallest is typically 
selected. 

As described above, in the present embodiment, the entire 
search region is divided into four search regions, and a 
single motion vector detection section is used to obtain 
respective motion vectors for the four search regions. Thus, 
it is possible to detect motion vectors over a large search 
region, thereby precisely selecting a motion vector, despite 
a small circuit scale. 

While the number (N) of search regions into Which an 
entire search region is divided is set to 4 in the present 
embodiment, N can be any natural number equal to or 
greater than 2. 

In the present embodiment, the motion vector detection 
operation is performed to cover the Whole of each of the N 
(=4 in the present example) search regions, thereby covering 
the Whole of the entire search region. Alternatively, the 
entire search region may have a portion Which does not 
belong to any of the N search regions. In such a case, it may 
be possible to reduce the amount of time spent for the search 
operation, Which may be performed only for a part of the 
entire search region. 

For example, as illustrated in the How chart of FIG. 2B, 
the folloWing steps (Step 4‘ to Step 6‘) may be performed 
instead of Step 4 to Step 6 described above in connection 
With the operation shoWn in the How chart of FIG. 2A. 

Step 4‘: Output the calculated motion vector and evalua 
tion value for a search region from the result storage section 
40 to the control section 10. 

Step 5‘: The control section 10 determines Whether the 
evaluation value for the parameter of one search region 
satis?es a predetermined condition. If not, Step 2 to Step 5‘ 
are repeated. 

Step 6‘: The control section 10 determines the optimal 
motion vector for the encoded object block based on the 
calculated motion vector and the evaluation value. 
When the predetermined condition is satis?ed, e.g., When 

an evaluation value is smaller than a predetermined value, 
the motion vector corresponding to the evaluation value is 
determined as the optimal motion vector. The motion vector 
detection section 20 does not have to search through all the 
N search regions, but is only required to continue to perform 
the motion vector detection operation until the predeter 
mined condition is satis?ed, Which may be, for example, 
When M (léMéN) motion vectors have been calculated. 
When the evaluation value is greater than the predetermined 
value, the control section 10 instructs the motion vector 
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detection section 20 to calculate the motion vector and the 
evaluation value for another search region parameter. 

The predetermined condition may alternatively be modi 
?ed so that the motion vector detection operation is contin 
ued for a predetermined period of time under the control of 
a timer, or the like, to obtain M motion vectors, among 
Which the optimal motion vector is to be selected. 

In the present embodiment, the number of repetitions is 
counted by the control section 10. Alternatively, a counter 
section for counting the number of repetitions can be pro 
vided in the motion vector detection section Which returns a 
completion signal to the control section 10 When the motion 
vector detection operation has been repeated N times. In 
such a case, the result storage section 40 may output the 
optimal motion vector to the control section 10 after deter 
mining the optimal motion vector based on the N evaluation 
values. 

In the present embodiment, the N sets of parameters are 
set initially. Alternatively, a pair of the parameter setting 
section 30 and the result storage section 40 may be provided 
in each motion vector detection section 20 so that the 
parameter setting operation, the motion vector detection 
operation, the output result obtaining operation may be 
performed N times for each of the divided search regions. 
A speci?c example of such an alternative embodiment is 

illustrated in FIG. 1B, in Which tWo motion vector detection 
blocks 50 are provided. Each motion vector detection block 
50 includes the motion vector detection section 20, the 
parameter setting section 30 and the result storage section 
40, as shoWn in the broken line box in FIG. 1A. The control 
section 10 controls the tWo motion vector detection blocks 
50 so as to obtain motion vectors and evaluation values 
respectively for different search regions, each in a manner as 
described above. In this Way, it is possible to quickly search 
through the entire search region for the optimal motion 
vector for the encoded object block. 

With the con?guration illustrated in FIG. 1B, the control 
section 10 may alternatively control the tWo motion vector 
detection blocks 50 so as to detect optimal motion vectors 
for different encoded object blocks, respectively. By simul 
taneously calculating the optimal motion vectors for differ 
ent encoded object blocks Within the object frame, it is 
possible to quickly detect motion vectors betWeen the object 
frame and the entire search frame. 

In the example shoWn in FIG. 1B, the parameter setting 
section 30 and the result storage section 40 are provided in 
a motion vector detection block 50. Alternatively, the control 
section 10 may include the parameter setting section 30 and 
the result storage section 40. 

In the example shoWn in FIG. 3A, the Whole of the entire 
search region 300 is divided into N (=4 in the present 
example) search regions. HoWever, the present invention is 
not limited to such an arrangement. For example, referring 
to FIG. 3B, an entire search region 350 includes N (=4 in the 
present example) search regions Which together do not 
account for the entire area of the entire search region 350. 
Thus, the entire search region 350 includes one or more 
portions Which do not belong to any of the N (=4 in the 
present example) search regions. Moreover, a search region 
does not have to abut on another search region (e.g., “Search 
1” and “Search 4” in FIG. 3B are separated from each other). 
In such cases, it may be possible to determine the optimal 
motion vector in a reduced amount of time by selectively 
arranging the search regions in locations Where the optimal 
motion vector is likely to be detected. 

In the example shoWn in FIG. 3A, the center of the 
encoded object block 301 in the object frame coincides With 
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10 
the center of the entire search region 300. Where such an 
arrangement is used to determine the optimal motion vector 
after calculating the respective motion vectors for all of the 
search regions, the motion vector detection operation is 
performed uniformly across the entire search region. 
HoWever, the center of the encoded object block 301 in the 
object frame does not have to coincide With the center of the 
entire search region 300. For example, it may be possible to 
determine the optimal motion vector in a reduced amount of 
time by arranging the search regions as shoWn in FIG. 3B 
(“Search 1”, “Search 2” and “Search 3” being arranged 
together in a location aWay from the encoded object block 
301 toWard the upper left corner of the entire search region 
350, With “Search 4” being generally centered around the 
encoded object block 301) if there is expected to be a large 
motion vector pointing generally toWard the upper left 
corner of the entire search region 350. 

Embodiment 2 

FIG. 4 illustrates a motion vector detection device 400 
according to Embodiment 2 of the present invention. 

Referring to FIG. 4, the motion vector detection device 
400 includes the control section 10, the motion vector 
detection section 20, a parameter setting section 130 and a 
result storage section 140. The parameter setting section 130 
input various parameters relating to the search region to the 
motion vector detection section 20. In the present 
embodiment, the various parameters include search position, 
search siZe (the siZe or area of a search region), sub 
sampling, priority and order of search. Each of these param 
eters Will be de?ned or otherWise particularly described 
beloW. The result storage section 140 stores the motion 
vectors and the evaluation values calculated by the motion 
vector detection section 20. OtherWise, the present embodi 
ment is the same as Embodiment 1. The parameters relating 
to the search region may include only one or more of search 
position, search siZe, sub-sampling, priority and order of 
search. 
The “sub-sampling” as used herein refers to a decimated 

sampling operation, Where only one out of a number of roWs 
or columns of pixels is sampled (or searched) While skipping 
the other roWs or columns of pixels. Thus, the sub-sampling 
parameter indicates the degree and the direction of decima 
tion. 
The “priority” as used herein refers to a parameter indi 

cating a predetermined value Which is added to or multiplied 
by the evaluation value calculated based on the search 
region in order to determine the optimal motion vector. 
The “order of search” as used herein refers to the order in 

Which the various search regions Within the entire search 
region 500 are searched. Typically, the various search 
regions are arranged so that a search region in Which the 
optimal motion vector is more likely to be found is given an 
earlier order. 
The operation of the motion vector detection device 400 

is substantially the same as the operation of the motion 
vector detection device 100 as described above With refer 
ence to the How chart of FIG. 2A, except that the parameters 
used in Step 1 include search siZe, sub-sampling, priority 
and order of search in addition to search position. 
A speci?c search operation Where an entire search region 

500 is divided into 9 search regions (N=9) Will noW be 
described With reference to FIG. 5A. 
The motion vector calculation is performed 9 times. 

Accordingly, 9 sets of parameters are set in the parameter 
setting section 130, and the result storage section 140 is 
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con?gured to be able to store 9 sets of motion vectors and 
evaluation values. The control section 10 Writes each of the 
search position parameter, the search siZe parameter, the 
sub-sampling parameter and the order of search parameter 
into the parameter setting section 130. 

In FIG. 5A, the entire search region 500 is divided into 
search regions of various siZes (“Search A”, “Search B”, 
“Search C”, “Search D”, “Search E”, “Search F”, “Search 
G”, “Search H” and “Search I). A search position, a search 
siZe, a sub-sampling parameter, a priority and an order of 
search are set for each of the search regions as parameters 
relating to the search region. 

For “Search A” in FIG. 5A, the search position parameter 
is “center” of the entire search region 500, the search siZe 
parameter is “small”, and the sub-sampling parameter is 
“none”. The search siZe is larger and more sub-sampling is 
performed for search regions farther aWay from the center of 
the entire search region 500. 

The reason Why “more sub-sampling is performed for 
search regions farther aWay from the center of the entire 
search region 500” is based on the visual characteristics of 
human eyes that human eyes have loWer resolutions for 
objects that are moving at a higher speed. 
When the motion vector is large, there is an object moving 

at a high speed (for Which human eyes have a loW 
resolution). Therefore, the optimal motion vector (or an 
estimated position of the object block) is found in a search 
region that is far aWay from the center of the entire search 
region. Thus, in a search region far aWay from the center of 
the entire search region 500, one can use a coarse motion 
vector detection resolution by “sub-sampling” (or 
“decimating”) the piXels in the search region and still obtain 
a satisfactory result. Therefore, the farther the search posi 
tion is from the center of the entire search region 500, the 
more sub-sampling can be performed. 

The reason Why “the search siZe is larger for search 
regions farther aWay from the center of the entire search 
region 500” is as folloWs. In search regions farther aWay 
from the center of the entire search region 500, more 
sub-sampling is performed as described above, thereby 
reducing the amount of calculation. Accordingly, the search 
siZe can be increased so as to perform a search operation 
over a larger area. In such search regions, it is preferred to 
increase the search siZe. 

In the eXample shoWn in FIG. 5A, the entire search region 
500 includes 112 (:48) piXels horiZontally and 80 (:32) 
piXels vertically. FIG. 5A also shoWs an exemplary param 
eter setting for the entire search region 500. In this eXample, 
the search position for each search region is represented by 
a set of coordinates corresponding to the upper left corner of 
the search region. 

In “Search B” and “Search C”, sub-sampling is performed 
in the horiZontal direction because “Search B” and “Search 
C” are horiZontally arranged With respect to the center of the 
entire search region. Similarly, in “Search D” and “Search 
E”, sub-sampling is performed in the vertical direction 
because “Search D” and “Search E” are vertically arranged 
With respect to the center of the entire search region. In 
“Search F”, “Search G”, “Search H” and “Search I”, sub 
sampling is performed both in the horiZontal and vertical 
directions. 

The parameter setting may vary from an encoded object 
block to another. For eXample, When the previous motion 
vector of the encoded object block has a large magnitude, the 
search siZe of a search region far aWay from the center of the 
entire search region 500 can be increased so as to further 
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reduce the motion vector detection resolution. Alternatively, 
the search region may be positioned farther aWay from the 
center of the entire search region 500. 

After setting the 9 parameters as described above, the 
control section 10 activates the motion vector detection 
section 20. Upon the ?rst activation, the motion vector 
detection section 20 calculates a motion vector and an 
evaluation value for “Search A” in FIG. 5A, stores the 
motion vector and the evaluation value in the result storage 
section 140 as a ?rst set of results, and returns a completion 
signal to the control section 10, thus completing the ?rst 
motion vector detection operation. 

Similarly, a motion vector and an evaluation value are 
calculated for “Search B” and stored as a second set of 
results in the result storage section 140. This operation is 
similarly repeated for “Search C” to “Search I”. 

After the motion vector detection section 20 has per 
formed the 9 motion vector detection operations respectively 
for the 9 search regions, the control section 10 obtains the 
calculation results stored in the result storage section 140. 
Then, the control section 10 selects one of the 9 motion 
vectors as the motion vector for the current encoded object 
block based on the evaluation values. Since an evaluation 
value is typically calculated by accumulating the value of 
difference (or the square thereof) betWeen each piXel in the 
encoded object block and the corresponding piXel in the 
candidate block, the motion vector for Which the evaluation 
value is smallest is typically selected. 
As described above in Embodiment 1 With reference to 

FIG. 2B, if a predetermined condition is satis?ed, the motion 
vector calculation does not have to be repeated N (=9) times, 
and M (1 éMéN) repetitions may instead be suf?cient. The 
predetermined condition may be as described above. For 
eXample, the motion vector detection operation may be 
continued until the evaluation value is smaller than a pre 
determined value, or the motion vector detection operation 
may be continued for a predetermined period of time under 
the control of a timer, or the like. 
As in the eXample shoWn in FIG. 5A, each search region 

can be given a priority so that a search region having a 
higher priority is preferentially selected. The reason Why 
each search region is given a priority is that a large motion 
vector requires a large amount of code for the motion vector 
itself, thereby adversely affecting the compression rate. 

For example, in the eXample shoWn in FIG. 5A, the 
various search regions are provided With priorities Which 
indicate values (priority values) ranging from “1” (highest 
priority) to “4” (loWest priority). Thus, the control section 10 
can select the motion vector of one of the search regions as 
the motion vector of the current encoded object block based 
on corrected evaluation values obtained by adding the 
respective priority values to the evaluation values of the 
corresponding search regions. 

In the entire search region 500 shoWn in FIG. 5A, “Search 
B” and “Search C”, Which are horiZontally abutting on 
“Search A”, are given a priority that is higher than that of 
“Search D” and “Search E” Which are vertically abutting on 
“Search A”. Typically, an image display device has a hori 
Zontal dimension that is greater than its vertical dimension 
so that a motion vector is likely to have a larger magnitude 
component along the horiZontal direction. Therefore, a 
search region horiZontally arranged With respect to the 
center of the entire search region preferably has a priority 
that is higher than that of a search region vertically arranged 
With respect to the center of the entire search region. 

Moreover, in order to save an amount of time for calcu 
lating motion vectors, the motion vector detection operation 








